and the reverse of (1) are important.
The expression obtained by elimination of the free radicals from this set of reaction stem is far too complicated to
The pyrolysis of ethane has been investigated extensively at temperatures below 1400°K. The early work has been thoroughly reviewed by Steacie (1) and subsequent work by Snow, Peck, and Von Fredersdorf (2) . The work on the pyrolysis of ethylene is less extensive. Burk, Baldwin, and Whitacre ( 3 ) have summarized the early work and Dahlgren and Douglas ( 4 ) the more recent.
The objective of this investigation was to obtain rate data above 1,400"K. with a shock tube. Since this investigation was undertaken, shock tube data in the range from 1,000" to 1,750"K. have been reported by Skinner and co-workers (5, 6) and in the range from 1,900" to 2,500"K. by Greene, Taylor , and Patterson ( 7 ) .
Additional data in the range from 1,000" to 1,400"K. have also since been obtained by Towel1 and Martin (8) in a nonisothermal reactor. serve as a guide to correlation.
E X P E R I M E N T A L A P P A R A T U S AND

PROCEDURE
The shock tube constructed by Gluckstein and Churchill (9) was utilized in this work with only minor modifications. It consisted of a 1.0 in. long driver section and a 48 in. long test section, both with a square cross section ?h in. on a side. Gluckstein and Churchill used a longer driver section and quenched the reaction by allowing the shock wave to rupture a diaphragm separating the test section from a vacuum chamber. In this investigation no surge tank was used, and the reaction was instead quenched by the rarefaction wave reflected from the upstream end of the driver section.
The shock wave was initiated by adding gas to the driver section until the brass diaphragm separating the driver and test sections ruptured. Except as noted, undiluted ethane and ethylene were used in the test section. The wave velocity was measured by two quartz pressure transducers actuating an interval timer. After sufficient time was allowed for the mixed driver and product gas to reach uniformity, a sample was withdrawn and analyzed on a mass spectrometer. In order to determine the minor components more accurately, the hydrocarbons were first separated from the driver gas and hydrogen by condensation in a liquid nitrogen bath.
The temperature and pressure behind the wave and the reaction time for each element of gas were computed from the measured wave velocity with the wellknown equations for the conservation of energy, mass, and momentum across the wave. The results of Roshko ( 1 0 ) indicate that the reduction in the reaction time due to the boundary layer behind the shock wave was not appreciable in these experiments. Special experiments were run to test the measurements of wave velocity, the computed point of intersection of the rarefaction and shock waves, and the spectrographic analysis. By limiting the conversion to about 30% or less, as was done in M O S~ runs, the temperature drop due to reaction is limited to 5% or less of the absolute temperature immediately behind the shock wave. The reciprocals of the temperatures at the beginning and end of the reaction zone were averaged to obtain the mean temperature used in the correlation of the data. The calculation and effect of the unknown rate of quenching have been discussed by Kervorkian, Heath, and Boudart ( 1 1 ). An instantaneous rate of quenching was assumed in the calculations herein.
The experimental conditions and results are summarized in Table 1 . Additional details concerning the apparatus, procedures, and calculations are given in reference 12.
EXPERIMENTAL RESULTS
Ethane Pyrolysis
The analysis of free radical mechanisms in the previous section indicates that the rate data cannot be expected to follow any simple rate expression over an extended range of concentrations and temperature. The data obtained in this investigation did not encompass a sufficient range of conversion to test critically the apparent order of ethane disappearance even for a narrow range of conditions. Accordingly, the precedent of previous investigators was followed, and the data were arbitrarily correlated in terms of the equation for a first-order, irreversible reaction.
Each element of gas along the length of the tube was exposed to high temperature during the interval between the arrival of the compression and rarefraction waves. For a first-order, irreversible, isothermal reaction the fractional decomposition of ethane in an element of gas is related to the reaction time for that element as follows:
If the waves and the gas particles behind the shock wave have a constant velocity, the reaction time for the elements of gas varies from a maximum adjacent to the diaphragm to zero at the point where the reflected rarefaction wave overtakes the shock wave.
The conversion for an element of gas at a distance x from the diaphragm is The conversion of the mixed product is then
The rate constant was determined from Equation (11) with the measured compositions of the feed and product and the value of tmRX computed from the measured shock wave velocity.
The resulting values of the firstorder rate constant are plotted vs. the average reciprocal temperature in the reaction zone in Figure 1 Figure 1 . The scatter in the data of the authors' investigation is somewhat greater than that in the lower temperature work as might be expected owing to uncertainties in composition, temperature, and reaction time inherent in the shock-tube technique. The rate constants agree in trend with the results of the other investigators but are generally lower. This discrepancy may be due to the presence of ethylene in the feed gas, the high concentration of the undiluted reactant gas, and/or the relatively low reaction pressure, rather than to the experimental technique. In all runs with ethane feed except those two noted with a dagger the ethane in the product can be found by subtracting the ethylene percentage from 100. In those two cases the acetylene percentage was 7.6 and 10.4 respectively. In all runs with ethylene feed the acetylene in the product can be found by subtracting the ethylene percatage from 100.
In the three runs noted with an asterisk helium was used as the driver gas.
The striking decrease in the slope of the curve in Figure 1 is the most significant effect observed for the pyrolysis of ethane at high temperatures. This decrease corresponds to a reduction in the apparent energy of activation from about 74 kcal./g. mole at low temperatures to about 11 kcal./g. mole at 2,500"K. The reduction must be due to a change in the reaction mechanism. It is worth considering how erroneous would be extrapolation in the coordinates of Figure 1 of the line representing low-temperature data to high temperatures. Skinner and Ball ( 5 ) also noted this fall 08 in their runs at higher temperatures, but attributed the effect to the corresponding higher conversions. In the authors' work higher temperatures were also associated with higher conversions, but the fall off occurred at all conversions.
Because of the high pressure ratios used in this work mixing of the driver gas and the test gas during the reaction period might be expected. To determine the effect this mixing might have on the measured reaction rate a few runs were carried out substituting helium for hydrogen as the driver. The effect of mixing of hydrogen with the reactants would presumably be to decrease the rate constant. As indicated in Figure 1 the data for helium are within the scatter of the data, indicating that the effect, if any, of mixing was indeterminate.
Greene, Taylor, and Patterson suggested that carbon monoxide may suppress the formation of ethylene. To investigate such effects additions of 5% A.1.Ch.E. Journal additives were also within ihe scatter of the data.
The decomposition of ethane appeared to be almost wholly to ethyIene and hydrogen, but up to 10% acetylene was found in the products at the highest temperatures. Hydrogen and carbon balances for the runs with a helium driver indicated that little or no carbon was formed by side reactions.
Ethylene Pyrolysis
The conversion in all runs was 17% or less, and the first-order rate constant for the disappearance of ethylene was computed as for ethane. The computed values are plotted vs. reciprocal temperature in Figure 2 . The rate constants determined by Towell and Martin (8) and by Skinner and Sokoloski (6) and the constants computed from the two runs of Greene, Taylor, and Patterson (7) are included in Figure 2 . Again the data of this investigation fell well below the straight line which might be drawn through the low-temperature data. There is some disagreement between the different sets of data, but again it is evident that the apparent energy of activation decreases with temperature. The curve drawn as a compromise for all of the data corresponds to a decrease from about 65 to about 20 kcal./g. mole.
The reason for the discrepancy between the data of this investigation and the data of Skinner and Sokoloski for a feed gas containing 0.466% ethylene in argon is unknown.
Hydrogen and acetylene were the principal products of decomposition of ethyIene. Carbon and hydrogen balances suggested the formation of side products in some runs, but higher hydrocarbons were detected even after concentration of the products by condensation with a liquid nitrogen bath. Polymerization of the acetylene was observed by Towell and Martin and the investigators at low temperature (3, 4 ) , and Skinner and Sokoloski obtained significant fractions of methane, propylene, and butadiene under some conditions. Polymerization is favored by high pressure, low temperature, and large conversions. Apparently both polymerization and side reactions can be avoided by using high temperatures, moderate pressures and low conversions, and quenchinq rapidly.
Again some runs were carried out with helium as the driver gas and with additions of chlorine and carbon monoxide. The scatter in these runs is somewhat greater, but no significant effects are apparent. 
DISCUSSION
The data of this investigation are less precise than those obtained at lower temperatures in conventional reactors but serve to indicate the trends with increasing temperature. The principal products of decomposition of ethane were found to be hydrogen, ethylene, and acetylene and of ethylene to be hydrogen and acetylene. By contrast previous investigators have reported a wide spectrum of products with little or no acetylene. The difference may be due to the higher temperatures, lower pressures, lower conversions, and more rapid quenching which were obtained in this investigation. However in view of the inherent uncertainties in the analysis of the diluted product gases and the fact that the observed rates were generally lower than those of previous investigators, the observed product distribution should be considered tentative.
The apparent energies of activation for first-order decomposition of ethane and ethylene were both found to decrease with increasing temperature, indicating a change in reaction mechanism.
The investigation tentatively suggests that acetylene can be produced from ethane or ethylene without excessive side products at a sufficiently high temperature. The mass of gas reacted per mass of equipment is too small to allow commercial processing in a shock tube of the type utilized in this investigation. The reactants might be passed continuously through a standing shock wave at the exit of a converging-diverging nozzle. However the heat flux density which would be required to maintain the gas at near- isothermal conditions during the expansion through the nozzle would probably be prohibitively high.
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